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Abstract 
The stress strain at notch root of round specimen with material property gradient were analysed with elasto-plastic finite 
element analysis, based on the hardness value obtained from spot welds heat affect zone. Material cyclic strength and 
fatigue strength coefficient are assumed to be proportional to hardness distribution according Eleiche’s conclusion. A 
set of finite element models was established with material gradient, notches in each model were in different material 
zone. Elasto-plastic analyses were carried for notch stress strain distribution under different loading levels. Material 
gradient on life prediction were analysed with local stress strain approach. 
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1. Introduction 
There always exist notch for engineering articles, the existence of notch would cause stress 
concentration, and change the state of stress concentration at notch root, thus affecting the component 
strength [1]. Fatigue crack tend to initiate and propagate at notch root area, so the notch problem weighs 
explicitly for counter-fatigue design. The notch root may experience plastic state due to the existence of 
notch under practical case. Since the stress strain relationship is so complicated, the notch root is always 
where fatigue crack initiate, and fatigue life depends highly on notch characteristics [2]. And, the stress 
state would be multi-axial at notch root; the notched specimen fatigue is a multi-axial fatigue problem. 
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For traditional fatigue analysis of notched specimen with local method, the material property gradient is 
always not under consideration. Numerous studies had showed that, the fatigue property of a material under 
different heat treatment state may differ greatly [3]. For spot welds, studies showed that the materials in 
welded zone and heat affected zone are different from base metal in that the micro structures are different, 
as well as hardness values. The hardness value in welded zone and heat affected zone are much higher than 
that of the base metal. Under different fatigue loading, the crack initiation sites are different. Under low 
cycle regime, the fatigue initiates in the heat affected zone, while at the notch root under high cycle fatigue 
loading [4]. It can lead to the conclusion that, the material property gradient at notch root has implicit effect 
on fatigue crack initiation location. 
In this study, it is assumed that there exist material mechanical property gradient in the round notched 
specimen in longitude direction. The hardness value and distribution used resemble that obtained for a spot 
welded specimen. Stress and strain distribution within notch zone is analyzed for under different loading 
level when the notch locates in different material zone. The effect of hardness value at notch root on life 
prediction with local approach is further discussed. 
Nomenclature 
 
ıV yield strength  
ıE  ultimate strength 
E Young’s modulus  
Ȟ  poisson ratio 
ǻİ/2 total strain amplitude 
ǻı/2  total stress amplitude 
Kƍ cyclic strength coefficient  
nƍ  cyclic hardening exponent 
fV c  the fatigue strength coefficient  
fH c   the fatigue ductility coefficient 
b the fatigue strength exponent 
c the fatigue ductility exponent 
N the fatigue  crack initiation life 
ıP the mean stress 
2. Establishment of finite element model for notched steel specimen 
The notch was assumed to be around the round test rod, finite element model of the middle straight stem 
established is shown in figure 1. The specimen diameter is 8mm, the notch shape is semicircle with radius 
0.5mm. There are 36387 nodes, 33780 elements in total, element type is solid 186. Material is low carbon 
steel, ıs=412MPa, ıb=448MPa, E=203.2 GPa,Ȟ=0.3. 
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Fig. 1. (a) Global elements; (b) Notch local elements 
Since there are material property gradient in different material zone, here the periphery of notch zone is 
discrete to fine elements. The element in different were assumed to have different material property 
according the hardness value obtained. The notch locates in different material zone for different analysis. 
As for the relation between material hardness and material strength, numerous studies [5-8] had showed 
that there exists almost proportional relation. A.M. Eleiche [10] etc showed that, the material cyclic 
strength coefficient and fatigue strength coefficient increase with hardness, while the material cyclic 
hardening exponent, fatigue strength exponent and fatigue ductility exponent almost kept unchanged. 
Multi-linear kinematic hardening model were used in this study for stress strain analysis, the material 
cyclic stress strain Ramberg-Osgood is, 
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Where, Kƍ=524.2MPa; nƍ=0.082. 
There are five zones distributed symmetrically assumed with the finite element model, as shown in 
figure 1. Materials in different were assumed to have different mechanical property. Stress strain curve for 
five different zones are shown in figure 2. Here, the cyclic strength coefficients in different zones are 
assumed to proportional to hardness, according to A.M. Eleiche’s research results. 
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Fig. 2. Cyclic stress strain curves 
3. Elasto-plastic stress strain analysis for notched specimen 
The constraint for the finite element modes is, the left end of the rod is fully constrained, and the tension 
freedom of the right end is not constrained. And tension loading is applied on the nodes on the right end. 
Here the loading is symmetric loading, and there is only one loading step. Assume the maximum number 
the substeps is no more than 50 and no less than 10.  
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Finite element analysis implied, the stress strain have the maximum value at notch root. The von Mises 
stress strain distributions across the notch are shown in figure 3. Stress concentration located at the notch 
root, where fatigue crack always initiate. 
    
Fig. 3.  (a) Mises stress  (b) Mises strain 
Apparently, notch is where stress strain concentration locates, but since the material properties at notch 
root are asymmetric, then the notch root may be not where the structures is the most weak. And the 
maximum values of stress and strain would not always exactly locate at the notch root. Figure 4 to 6 showed 
the stress strain distribution under three different loading levels. For analysis of stress strain near notch root, 
the notches are assumed to be in different material zones. 
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Fig. 4. (a) Mises stress  (b) Mises strain 
Figure 5 and 6 showed, the stress values at the larger hardness value side are explicitly larger. And, the 
maximum stress node does not always locate at the notch root. The stress values at the material of large 
hardness value are much larger, and the maximum stress node may locate at some distance to the notch root. 
It can be seen that the maximum strain value node always locate at the notch root. It is apparently that, the 
node experiences the maximum stress maybe not where the strain is maximum. 
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Fig. 5 (a) Mises stress     (b) Mises strain 
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Fig. 6 (a) Mises stress     (b) Mises strain 
4.  Effect of notch material property gradient on life prediction with local approaches 
For fatigue evaluation of notched specimen, three approaches were usually used: nominal stress method, 
local stress strain method and energy method. Usually, material property gradient was not under 
consideration when local method was utilized. However, the above analysis indicated that the maximum 
stress and maximum strain do not always fall on the same point when there is material property gradient at 
notch root. Thence, which point should be selected for life prediction would remain a problem. One damage 
equation used frequently is the Morrow modified Manson-Coffin damage equation, 
c
f
bmf NN
E
)2()2(
2
H
VVH c
c
 '                                                              (2) 
As for the fatigue strength coefficient, Eleiche’s study had showed which increase with material 
hardness. Thus for life prediction, if stress strain on several different nodes is selected, the node with the 
shortest life predicted may not always fall on the same node. If the shortest predicted life of the several 
nodes can be treated as fatigue life prediction results, as well as fatigue crack initiation site, then conclusion 
can be drawn that for notched specimen with material gradient at notch root, the node with the maximum 
stress value may be not where the maximum strain locate. Above analysis indicates that, fatigue life and 
fatigue crack initiation point may be dependent on material property gradient. 
5. Conclusions 
1.  For notched specimen, the local maximum stress site don not always locate at where the strain is 
maximum when there exist material property gradient.  
2.  There material property gradient would have explicit effect on fatigue crack initiation site and fatigue 
life. 
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